Introduction
Physique athletes are judged on aesthetics. Originally the name of the sport, bodybuilding is now one of many competitive classes under the umbrella of "physique competition" which have emerged over the past decade including men's physique, classic bodybuilding and several classes for females (Alwan et al., 2019) . While recommendations for natural bodybuilders were previously published by Helms et al. in 2014 (Helms et al., 2014 , research has grown at a rapid rate, including an increase in the number of studies on females. Contest preparation has become longer than in the past, with a focus on the postcompetition phase transition. For example, the length of contest preparation and recovery has increased from four months in the 1980s and 1990s (Bamman et al., 1993) , to eight months or more in recent case studies (Pardue et al., 2017) . Recently, offseason recommendations for physique competitors were published by Iraki and Colleagues (Iraki et al., 2019) . Therefore, the goal of this review is to provide a comprehensive, evidence-based guide for male and female physique athletes with a focus on the contest preparation period from nutrition and supplement recommendations, to physiological and psychosocial adaptations, as well as best practices for peaking and postcompetition recovery.
Methods
The electronic databases PubMed, SPORTDiscus, Google Scholar, and MEDLINE were searched. Each author was responsible for a section of the manuscript. The publications found were screened by each author responsible for a section. Long-term human studies were primarily selected, acute studies were accepted when directly relevant, and animal studies were used to help determine mechanisms when no such human research was available. Authors cross-checked one another's sections twice during the draft phase to ensure accurate interpretation of the included studies and appropriate scientific rationale behind recommendations. Since this review is an expanded and updated evidence-based guide, a narrative review style was chosen.
Nutrition
While preparing for competition, the goal of physique athletes is to maintain lean muscle mass while decreasing body fat. Contest preparation can last for 4 months or more during which calories are reduced and exercise is increased or maintained (Helms et al., 2014; Kistler et al., 2014; Pardue et al., 2017; Rossow et al., 2013) . A recent review reported male bodybuilders consumed ~3800 calories per day and females consumed ~2000 during non-competition phases (Spendlove et al., 2015) . Yet, in the competition phase calories can be as low as ~1600 for both sexes Halliday et al., 2016; Robinson et al., 2015) . Total caloric recommendations for individuals vary widely, therefore we will focus on macronutrient ranges relative to body weight or overall percentages.
Macronutrient intake Protein
Protein plays a critical role in physique sport. Meta-analytic data support mean intake of ~1.6 g/kg/day to maximize fat-free mass gains with resistance training; importantly, these data had an upper confidence interval of 2.2 g/kg/day , which agrees with the upper confidence interval (~2.2 g/kg/day) in a group of male bodybuilders using the indicator amino acid oxidation method (Bandegan et al., 2017) . Recent work in aspiring female physique athletes has also indicated that higher relative to lower protein diets (2.5 g/kg/day vs. 0.9 g/kg/day) increase lean body mass in the non-competition phase . According to a recent review, physique athletes generally exceed these recommendations with males consuming 2-4 g/kg/day and females 0.8-2.8 g/kg/day (Spendlove et al., 2015) . Another study reported ranges of 2.7-3.3 g/kg/day in competitors ; ultimately, it seems physique athletes easily meet and often exceed protein recommendations.
Muscle protein synthesis (MPS) is often used as a surrogate of how protein intake or exercise affects muscle mass accrual. Physique athletes are in a caloric deficit during competition preparation, which in other populations decreases basal MPS by ~27% after only 5 days and 19% after 10 days (Areta et al., 2013; Pasiakos et al., 2010) . Furthermore, there are data specifically in lean individuals indicating muscle protein breakdown (MPB) is elevated as early as 10 days into a caloric deficit (Carbone et al., 2014) . The combination of reduced MPS and increased MPB results in a negative net protein balance, which could be attenuated with high protein intakes. However, there are very few studies, observational or intervention-based, comparing high and low protein intake in athletes during a caloric deficit Helms et al., 2015; Longland et al., 2016; Walberg et al., 1988) . For example, a recent study found that over a 4-week period, a 40% caloric deficit with 2.4 g/kg/day of protein per day resulted in more LBM preservation and more fat mass loss compared to a group consuming 1.2 g/kg/day (Longland et al., 2016) . This and previous data suggest higher protein consumption during a caloric deficit may be advantageous Helms et al., 2014; Longland et al., 2016; Walberg et al., 1988) .
Protein has other important roles for physique athletes such as inducing fullness and satiety. A recent meta-analysis found higher protein meals increase acute ratings of fullness (Dhillon et al., 2016) . In fact, in an energy deficit of 7 days, 2.9 g/kg/day of protein resulted in less cravings than 1.8 g/kg/day . In a pilot crossover study on resistance-trained athletes, lower stress, mood disturbance and diet related stress were reported during the high protein (2.8 g/kg/day) compared to the moderate protein (1.6 g/kg/day) phase (Helms et al., 2015) . Taken together, consuming a high protein diet may help physique athletes increase satiety, reduce hunger, and mitigate stress.
When assessing protein recommendations © Editorial Committee of Journal of Human Kinetics for athletes from various research groups, there is a converging range from 1.6-2.7 g/kg/day of protein Helms et al., 2014; Jager et al., 2017; Morton et al., 2018; Stokes et al., 2018) . Since there is currently little evidence that high protein intake negatively impacts health in non-clinical populations, we recommend 1.8-2.7 g/kg/day, or up to 3.5 g/kg/day for those specifically attempting to mitigate hunger, so long as such high intake does not displace fat or carbohydrate in the diet to a degree that it impairs performance. Carbohydrate Carbohydrates are consumed by physique athletes to maintain training performance and help recovery post-training. A systematic review of dietary intake in bodybuilders reported large variability in carbohydrate intake with males consuming 243-637 g/day (3-7.2 g/kg), and females 160-415 g/day (2.8-7.5 g/kg) (Spendlove et al., 2015) . In a recent comparison of macronutrient to strict-dieting competitors, males consumed ~323 g and females ~218 g per day during the noncompetition phase (Ismaeel et al., 2018) . Another study on men's physique athletes compared dietary intake in the cutting versus bulking phases. They found during the bulking phase participants consumed ~ 261 g (2.98 g/kg) and ~178 g (2.3 g/kg) in the cutting phase (Lenzi et al., 2019) . Finally, in a recent study of contest preparation, males reduced carbohydrate intake (on average) from 4.4 to 4.1 g/kg and females from 3.9 to 3.3 g/kg ). An interesting observation in this study was that carbohydrate intake remained comparatively elevated (5.1 g/kg) among males who placed higher (Spendlove et al., 2015) . Cumulatively, these data indicate there is a wide range of carbohydrate intake typically consumed by physique athletes.
Previous publications recommended 4-7 g/kg for bodybuilders (Slater and Phillips, 2011) , which aligns with observational ranges seen in the literature. This range also allows room for individual differences. Yet, athletes attempting to achieve extremely lean conditions may, at least in a certain phase of preparation, need to consume less than 4 g/kg. Therefore, we recommend carbohydrate intake should be adjusted so that training performance is optimized while consuming adequate caloric intake to reach the desired physique. A realistic range for physique athletes that covers potential phases requiring very low energy intake to reach the desired level of leanness is 2-5 g/kg per day. To improve satiety during low carbohydrate (and subsequently low energy) phases, we recommend the majority of carbohydrates come from whole grains, fruits, and vegetables while avoiding higher energy-density sources (Holt et al., 1995; Rolls et al., 1998; Zhang et al., 2018) .
Fat
Previous recommendations for dietary fat intake for bodybuilders were 15-20% of total calories (Helms et al., 2014; Lambert et al., 2004) . Indeed, in observational studies, physique athletes fall within this range. A systematic review reported fat intake among males was 19-241 g/day (8-33% of calories) and from 9 -124 g/day (9-35%) among females (Spendlove et al., 2015) . A case study of a male bodybuilder in competition preparation reported maintenance of fat intake at 0.7 g/kg over the course of the study yet the percentage of calories from fat decreased from 29 to 21% (Pardue et al., 2017) . Another study reported a female competitor's intake of 0.35 g/kg (15%) during the final 10 weeks of the contest phase (Petrizzo et al., 2017) . Furthermore, a cross-sectional study reported similar starting points of fat intake (0.8 g/kg) for both sexes, with only a small reduction at the end of contest preparation among females (0.6 g/kg) . Absolute fat intake in other studies of competitive bodybuilders was reported around 40-65 g/day in some cases (Mitchell et al., 2017a; Suryanarayana et al., 1969) and 79-90 g/day in others (Mitchell et al., 2018) . Cumulatively, these data indicate physique athletes, again, have fat intake that vary widely across individuals and phases which occasionally fall outside previously recommended ranges.
Dietary fat is often the last macronutrient of concern for physique athletes since protein and carbohydrates help build and preserve lean body mass, increase satiety, and aid training performance. While there is evidence in other populations suggesting dietary fat and testosterone levels are correlated (Sallinen et al., 2004; Volek et al., 1997) , recent findings in bodybuilders suggest this relationship is likely due to energy availability rather than fat intake specifically. For example, a case-study of a male bodybuilder demonstrated a 72% decrease in testosterone while minimal relative changes in fat Journal of Human Kinetics -volume 71/2020 http://www.johk.pl intake occurred (Pardue et al., 2017) . These data and others (Maestu et al., 2010) suggest changes in the hormonal milieu may be inevitable when preparing for a physique competition. Furthermore, it is problematic extrapolating physiological changes in obese subjects to those who are lean. There is also a lack of interventional studies of dietary fat and the impact on hormone levels in physique athletes, which makes it difficult to understand how fat intake could affect their physiology (Heni et al., 2014; Suryanarayana et al., 1969) .
Dietary fat intake of 20-35% has been previously recommended for athletes with a lower level of 15-20% for bodybuilders (Helms et al., 2014; Lambert et al., 2004) . However, it is unlikely all individuals will be able to stay within this range during contest preparation since levels as low as ~9% have been reported in the literature (Spendlove et al., 2015) . Protein and carbohydrate should be prioritized for muscle retention, performance and satiety, and we therefore recommend fat intake of 10-25% to allow for individual variability and dietary flexibility yet we caution strongly against very low fat intake for long periods (Helms et al., 2014) .
Nutrient Timing
In the context of physique athletes, "nutrient timing" can be discussed in relation to the number, timing and macronutrient composition of meals consumed in proximity to training, sleep, and one another. For example, bodybuilders consume a mean of 6 daily meals , which may be based on the concept that frequent protein consumption translates to greater anabolism, more complete digestion, and/ or greater energy expenditure. In addition to the consumption of peri-workout protein, carbohydrate consumption is also a focus of physique athletes in the post-training period, as a way to both enhance the anabolic response to training and for rapid glycogen replenishment. Another long-employed strategy in physique circles is consuming slow-digesting proteins (such as casein) prior to sleep to prevent an extended catabolic period. However, this has only recently been studied by sports scientists (Res et al., 2012) . The potential merits of each of these strategies are discussed in this section.
Protein Dosage Per-meal and in the Post-training Period
During the postprandial period after a protein bolus, additional protein fails to increase MPS until sufficient time has passed -known as the "muscle full effect". Therefore, the even spread of protein servings over the course of the day is theorized to maximize the 24 hour MPS area under the curve (Atherton et al., 2010) . However, the first protein dosing strategy to appear in the literature was consuming protein shortly following resistance training. This strategy was proposed to improve the efficiency of skeletal muscle repair and remodeling as peak MPS rates are higher when protein is consumed in the post-training period (Tipton et al., 1999) ; however, a "threshold" leucine dose must be consumed for this to occur (Rieu et al., 2006) . Researchers examined peri-workout protein boluses in multiple investigations to determine the dose needed to maximize MPS (Macnaughton et al., 2016; Moore et al., 2009; Witard et al., 2014) . Following lower-body resistance exercise, a 20 g dose of egg protein stimulated MPS to a greater degree than smaller doses of 5 g or 10 g, and a plateau occurred at a larger dose of 40 g (Moore et al., 2009) . A similar outcome was observed in another study, in which 20 g whey protein resulted in a maximal stimulus following lower body resistance training, without a greater increase when 40 g was consumed (Witard et al., 2014) . However, when performing whole-body resistance exercise rather than lower body only, 40 g of whey produced a significantly higher MPS response compared to 20 g (Macnaughton et al., 2016) . Thus, when greater amounts of muscle mass are exposed to a stimulus, greater intake of protein is likely required to optimize adaptation. Given these acute findings, one would speculate that the specific timed dose of protein in relation to the volume of training would be a critical aspect for longitudinal hypertrophy. However, despite consistent short-term findings of enhanced MPS when protein is consumed in the post-training period, authors of a 2013 metaanalysis reported no significant effect on hypertrophy when controlling for total daily protein intake in longitudinal studies, regardless of timing .
Protein Spacing and Pre-sleep Consumption
Interestingly, a similar disconnect between acute and chronic data exists in protein © Editorial Committee of Journal of Human Kinetics distribution research. For example, in a 12 hour tracer study of MPS, the area under the curve was highest when four 20 g whey protein doses were consumed every three hours versus two 40 g doses six hours apart, and eight 10 g doses every hour and a half (Areta et al., 2013) . Theoretically, given the "muscle full effect" post protein-feeding which creates a "refractory period" during which additional protein cannot further enhance MPS (Atherton et al., 2010; Moore et al., 2009 ), a physique athlete should therefore reach, but not exceed, this dose every few hours after the refractory period ends to maximize longitudinal gains in muscle mass. Yet, in a 2018 systematic review of protein supplement distribution, the authors noted similar fat free mass changes between individuals consuming fewer protein servings of a high dose compared to those consuming more protein servings of a moderate dose (Hudson et al., 2018) .
Likewise, this disconnect has also been observed when comparing short term and longitudinal night-time protein feeding studies. The first investigation of the acute response to presleep casein consumption was performed in 2012 (Res et al., 2012) . The researchers reported that compared to a placebo, a 40 g dose of casein enhanced protein balance to a greater degree during sleep, which was subsequently replicated (Kouw et al., 2017; Trommelen et al., 2018) . In the first long-term study, researchers observed greater muscle mass and strength increases in a group consuming protein before going to bed, compared to a group consuming a placebo (Kouw et al., 2017) . Importantly, in this study total protein was unmatched. While the placebo group consumed 1.3 g/kg in the 24-hour period, the proteinsupplemented group consumed 1.9 g/kg . Contrasting this finding, in the only two 24-hour protein matched studies comparing long-term outcomes between casein night-time supplementation and groups consuming casein earlier in the day, significant between group differences were not reported Joy et al., 2018) .
The explanation of why disparate outcomes are observed between short-term hypertrophy-proxy analyses (MPS) and long-term protein distribution studies examining body composition, is likely due to the methods utilized in MPS tracer studies. Specifically, participants are often provided only protein powder, fasted, measured over hours, and are typically provided whey which is a fast digesting protein. Thus, initial amino acid levels are lower, digestion is faster, and amino acid delivery is quicker. These lab-based digestion and amino acid kinetics differ substantially from "free-living" conditions when protein is consumed from whole foods, multiple times per day, in combination with other foods, which slows digestion and subsequent amino acid delivery. Indeed, in the "real world", amino acids may often be available at any given time point . Pre-sleep protein research also shares some of these lab-specific limitations. As an example, an elevation in MPS lasts at least six hours (the entire time period studied) after consumption of lean steak providing 26 g of protein (Pennings et al., 2013 ); yet 26 g is only slightly more than one-third the protein in an average US dinner (Kim et al., 2016) . Furthermore, the typical US dinner takes longer to digest not only because of the higher protein content, but due to the addition of other nutrients which would further delay digestion such as fiber and dietary fat . Despite the limitations inherent to short term tracer studies, and the lack of theoretical proof in long term studies of muscle gain, from a physique perspective there is nothing to be lost and only a potential for gain by implementing a meal schedule which adheres to what would theoretically maximize the daily MPS area under the curve.
To conclude with an example in line with our protein recommendations, a physique athlete consuming 3 g/kg of protein could eat four meals containing 0.75 g/kg or five meals containing 0.6 g/kg per day. Furthermore, the physique competitor could simply ensure they consumed one meal 1-2 hours prior to sleep with protein from a non-whey protein source, and finally, that one of their meals occurred within 1-2 hours before and after training.
Meal Frequency Effects on Body Composition, Appetite and Energy Expenditure
Physique athletes seeking muscle gain in the offseason eat comparable amounts to the high end of what Olympic athletes often consume (Spendlove et al., 2015) . As the goal is not only to fuel performance, but to increase muscle mass between competitive seasons, a large volume of Journal of Human Kinetics -volume 71/2020 http://www.johk.pl food is consumed to achieve an energy surplus. The observation that bodybuilders consume 6 meals per day on average may be a function of practicality, rather than a reflection of physiological necessity or optimality. While longitudinal data have not borne out the efficacy of manipulating the frequency of proteinfeedings to enhance hypertrophy, smaller more frequent eating occasions may theoretically aid the digestive process in the offseason and in clinical sports nutrition texts they are recommended as more feasible than simply eating more at existing meals (Dean and Burke, 2006) . Indeed, greater hunger and desire to eat is reported by those consuming more frequent, smaller meals (Perrigue et al., 2016) , and a moderate association between meal frequency and total energy intake is reported among elite athletes (Burke et al., 2003) . Yet, recent large-scale epidemiological data indicate more frequent feedings (>3) are associated with increases in the BMI (Kahleova et al., 2017) . Furthermore, the existing meta-analyses and reviews of meal frequency interventions do not support an association between higher meal frequencies and fat loss, improved metabolic health or increased energy expenditure (Hutchison and Heilbronn, 2016; Raynor et al., 2015; Schoenfeld et al., 2015) . Therefore, we recommend physique athletes consume a moderate meal frequency with an even protein distribution.
Peri-Workout Carbohydrate
The rationale for consuming carbohydrate following, during, and prior to training for bodybuilders is to facilitate glycogen replenishment for future resistance training sessions, maintain intra-session performance, and fuel proximal resistance training bouts, respectively (Mitchell et al., 2017a) . However, complete resynthesis can be achieved within 24 hours following glycogen depletion when ample carbohydrates are consumed (Jentjens and Jeukendrup, 2003) and bodybuilders do not typically train the same muscle groups on subsequent days, such that performance would be impacted by glycogen depletion (Hackett et al., 2013) . Indeed, most bodybuilders train each muscle group 1-2/week (Hackett et al., 2013) . Furthermore, only 24 -40% of muscle glycogen is depleted during standard volumes of resistance training (MacDougall et al., 1999; Tesch et al., 1986) . To conclude, training performance in subsequent sessions is unlikely to be impaired if carbohydrates are not consumed in the post workout period, and hypertrophy is also not likely to be enhanced by the additional consumption of carbohydrate alongside post-workout protein, as insulin rises to adequate levels to fully suppress MPB via the consumption of amino acids alone Helms et al., 2014) .
Glycogen is not the only mechanism by which carbohydrate intake could enhance or preserve resistance training performance when consumed near a training bout. Indeed, no greater effect on performance was observed after consuming a diet containing 7.7 g/kg/day of carbohydrate for 48 hours compared to only 0.37 g/kg/day when 15 sets of 15RM lower-body exercise were performed (Mitchell et al., 1997) . Given this finding, it seems the body is capable of maintaining adequate glycogen in the face of carbohydrate restriction via metabolic conversions of other substrates (Volek et al., 2016) , which is sufficient to sustain resistance training performance if ample calories are still consumed. However, in the context of a calorically restricted diet, there is evidence that lower carbohydrate intake can impair bodybuilding performance (Walberg et al., 1988) and that consumption of carbohydrates prior to training may improve it (Dudgeon et al., 2017) . For example, one study found consumption of carbohydrate after an overnight fast resulted in the performance of greater training volumes compared to water (Bin Naharudin et al., 2019) , although subjects were habitual breakfast eaters, which may have impacted the results. Furthermore, positive outcomes may be unrelated to muscle glycogen levels, and rather a result of stabilization of blood glucose, or perhaps liver or brain glycogen replenishment, or a central effect on delaying or reducing fatigue.
Some (Bastos-Silva et al., 2019; Decimoni 2018), but not all studies (Clarke et al., 2015; Dunkin and Phillips, 2017; Painelli et al., 2011) show that carbohydrate mouth rinsing can increase resistance training volume or delay fatigue (Bazzucchi et al., 2017) . However, aggregate findings are inconsistent, and the exact mechanisms are elusive. Thus, further exploration of the effect of peri-workout carbohydrate intake for the purposes of enhancing bodybuilding training performance is needed. With that said, © Editorial Committee of Journal of Human Kinetics mouth rinsing provides a unique potential for dieting physique athletes to enhance performance via carbohydrate, without additional energy consumption.
In total, insufficient evidence exists to strongly state that pre-, intra-or post-training carbohydrate consumption enhances resistance training performance or hypertrophy; however, it seems prudent that physique athletes consume a meal containing easily digestible carbohydrate within ~2 hours prior to training to avoid any potential decrement to performance. Furthermore, there would be no harm in attempting a midsession mouth-rinse with a glucose-based drink as an attempt to maintain or improve performance during contest preparation, although future research is needed to confirm the efficacy of this practice.
Supplements
Dietary supplements appear to be a major component of the dietary strategies implemented by physique athletes. A recent study by surveyed physique competitors on their nutrition habits in the months leading up to a natural bodybuilding competition. The authors noted the competitors routinely consumed between five and seven supplements during the contest preparation period; males averaged 7.0 supplements, whereas females 5.4. Protein powder was most commonly consumed, with survey results indicating 75.0% of males and 88.9% of females consumed them. Multivitamin supplements were used by 53.5% of males and 60% of females. The number of competitors using branched-chain amino acids (BCAAs), creatine, fat burners, individual amino acid supplements, preworkout supplements, and omega-3 fatty acids ranged from 39.4 to 49.4% in males, and 19.9 to 53.5% in females.
Protein powders are not inherently more efficacious than any other high-quality protein source and are generally viewed as a convenient means of accomplishing the previously discussed guidelines for protein intake. As such, protein supplementation will not be discussed in detail. Given the potential for diets to become restrictive late in contest preparation, ingestion of a wellformulated multivitamin supplement may be an effective strategy for ensuring suitable micronutrient intake, although efforts should be made to obtain sufficient nutrition from whole food sources. Given that multivitamins are a convenient means of obtaining nutrients that would otherwise be obtained from a wellstructured diet, multivitamins will not be covered in detail either. Rather, this section discusses the dietary supplements with the greatest potential to directly enhance competitive outcomes for physique athletes.
Creatine
Creatine is one of the most commonly used supplements among physique athletes. Daily endogenous creatine production is approximately one gram per day (Cooper et al., 2012) , and omnivorous diets typically provide about 1-2 grams per day. Nonetheless, muscle creatine stores are generally only 60-80% saturated . By supplementing with creatine, muscle storage of creatine and phosphocreatine are maximized, thereby delaying fatigue and enhancing performance. Creatine supplementation has been studied extensively, with results typically showing improvements in repetitive, highintensity exercise performance of up to 10-20%, along with increased lean body mass when used in conjunction with resistance training . To date, no legal dietary supplement has been shown to enhance resistance training performance as robustly and reliably as creatine, and both the International Society of Sports Nutrition (Kerksick et al., 2018) and the International Olympic Committee (IOC) (Maughan et al., 2018) list creatine in their top tier of evidence-based dietary supplements for performance enhancement. To increase intramuscular creatine storage to an ergogenic degree, loading protocols often involve ingestion of 20 grams of creatine per day (or approximately 0.3 g/kg of body mass) divided between four equal doses, for approximately one week, followed by single daily maintenance doses of approximately five grams (0.07 to 0.1 g/kg). Alternately, evidence suggests that individuals who wish to bypass the loading stage can achieve ergogenic elevations in muscle creatine storage by consuming maintenance doses for approximately four weeks (Hultman et al., 1996) . A large body of evidence suggests creatine is safe and well-tolerated with any gastrointestinal discomfort alleviated by splitting the total creatine intake into smaller doses (Ostojic and Ahmetovic, 2008) . The most consistent side effect is an abrupt increase in body mass, Journal of Human Kinetics -volume 71/2020 http://www.johk.pl typically in the range of 1-2 kg. This initial weight gain is attributable to increased water retention due to the osmolytic nature of creatine; in theory, this fluid should largely be stored in the intracellular fluid compartment and should not substantially affect the outward appearance of the physique in a negative manner. Nonetheless, it would be prudent for physique athletes that are not creatine users to avoid a loading phase within the final 1-2 weeks prior to a competition. Caffeine Caffeine is a primary component of many pre-workout supplements and fat burners; thus, finding its way into two categories of common bodybuilding supplements. As such, observed above-average daily caffeine intake in both male (322 mg/day) and female (252 mg/day) physique athletes. The IOC recognized caffeine as one of the few dietary supplements with evidence supporting its capacity to directly improve exercise performance in a recent consensus statement (Maughan et al., 2018) . While the early literature investigating performanceenhancing benefits of caffeine focused largely on endurance exercise outcomes (Costill et al., 1978) , more caffeine research pertaining to strength and power has emerged in the last fifteen years. A meta-analysis published in 2018 (Grgic et al., 2018) indicated caffeine exerts a small, but statistically significant positive effect on maximal strength and power, such as one-repetition maximum and the vertical jump. There is also evidence that caffeine enhances muscular endurance (Grgic et al., 2019) , which likely relates more closely to habitual training of physique athletes. Finally, the numerous physiological adaptations that accommodate energy restriction in lean athletes are likely to induce lethargy, hunger, and reduced energy expenditure. Caffeine use during contest preparation may confer benefits extraneous to its ergogenic effect by favorably affecting subjective the energy level, appetite, and energy expenditure (Harpaz et al., 2017) . Taken together, current evidence would suggest that caffeine has the potential to directly improve performance for physique athletes. Dosing strategies often involve consuming a dose of 3-6 mg/kg of caffeine, approximately one hour prior to exercise (Maughan et al., 2018) . Doses beyond 3-6 mg/kg do not appear to be more efficacious (Goldstein et al., 2010) , and it should be noted that despite an acute lethal dose that is estimated to be around 10,000 mg, it is often conservatively recommended that healthy adults restrict their daily caffeine intake to no more than roughly 6 mg/kg per day (Nawrot et al., 2003) .
Nitric Oxide Precursors
Nitric oxide (NO) precursors, such as citrulline and dietary nitrate, are also common components of multi-ingredient pre-workout formulas. Nitric oxide is a gaseous cell signaling molecule with widespread effects throughout the body. As reviewed by Bailey et al. (2011) , the potential mechanisms by which NO may enhance exercise performance include exercise efficiency, mitochondrial respiration, sarcoplasmic reticulum calcium kinetics, vasodilation, glucose uptake, and muscle fatigue (Bailey, 2011) . Collectively, these exercise-related effects of NO have prompted interest in the potential ergogenic applications of ingredients that increase NO production. Due to the short half-life and poor stability of NO (Kelm, 1999) , supplementation strategies for increasing NO production are restricted to supplementation with precursors of NO. In the nitric oxide synthasedependent (NOS-dependent) pathway of NO production, arginine is the direct precursor of NO. Unfortunately, arginine has relatively poor oral bioavailability (Schwedhelm et al., 2008) , and exercise studies with arginine supplementation have largely yielded underwhelming results (Bescos et al., 2012) . In contrast, citrulline has substantially greater bioavailability, and oral citrulline supplementation efficiently increases blood arginine levels (Schwedhelm et al., 2008) . Perez-Guisado and Jakeman (2010) found citrulline enhanced repetitions to fatigue during resistance exercise. A recent meta-analysis reported a small, but significant effect of citrulline-based supplements for such outcomes. The exact mechanisms underlying the ergogenic effects of citrulline-based supplements are not entirely elucidated at this time. For resistance training studies, the most common dosing strategy yielding ergogenic effects involves consuming 8 grams of citrulline malate (presumably in a 2:1 citrulline to malate ratio), approximately one hour before exercise.
In an alternate pathway of NO production, dietary nitrate is reduced to nitrite, and further reduced to NO, in an NOS-independent manner (Bailey, 2011) . In the past decade, a substantial © Editorial Committee of Journal of Human Kinetics body of literature reports inorganic nitrate and beetroot juice, a source of dietary nitrate, enhances endurance exercise capacity (McMahon et al., 2017) . In contrast, few studies have evaluated the effects of nitrate on resistance exercise. Mosher et al. (2016) found six days of beetroot juice supplementation (containing 400 mg nitrate per dose) enhanced bench press repetitions to fatigue over three sets taken to failure. Similarly, beetroot juice enhanced leg extension speed and power (Coggan et al., 2015) , in addition to explosive force production in fatigued muscle (Tillin et al., 2018) . These effects on muscle contractile function may relate to NO-induced increases in intracellular calcium concentrations and myofilament calcium sensitivity (Coggan and Peterson, 2018) . Studies documenting ergogenic effects of nitrate tend to provide at least 400-500 mg of nitrate 2-3 hours prior to exercise, and chronic dosing strategies appear to enhance performance more reliably than acute supplementation. Furthermore, there is mechanistic evidence to suggest NO plays a permissive role in muscle hypertrophy by promoting satellite cell activation (Anderson, 2000) . As such, the pharmacological blockade of endogenous NO production blunts hypertrophic adaptations to overloading in rats (Smith et al., 2002) , and treatment with isosorbide dinitrate (an NO-donor) enhanced exercise-induced hypertrophy in mice (Leiter et al., 2012) . Nonetheless, whether the findings from these mechanistic studies translate to healthy humans consuming NO precursor supplements is unknown. As a cautionary note, there is large variability in the dosing of beetroot in commercial supplements (Bailey et al., 2011) . In summary, there are mechanistic justifications for the use of NO precursors by physique athletes, and preliminary studies suggesting beneficial effects on strength and power. However, more research is needed to draw definitive conclusions about the ergogenic applications of NO precursors, including citrulline and nitrate, for the purposes of enhancing resistance training performance and hypertrophy.
Beta-Alanine
As reviewed previously (Trexler et al., 2015) , beta-alanine is the rate-limiting precursor to carnosine synthesis. When supplemented, betaalanine increases the intramuscular concentration of carnosine, which functions as an intracellular buffer. Proton accumulation occurs during highintensity exercise due to rapid ATP turnover. This proton accumulation leads to a local reduction in pH, which is thought to contribute to fatigue and reduced capacity for force production. Baseline muscle carnosine concentrations vary depending on a number of factors including age, sex, training status, muscle fiber type distribution, and dietary habits, but beta-alanine supplementation has been shown to increase muscle carnosine by 64% after four weeks (Harris et al., 2006) and by 80% after ten weeks (Hill et al., 2007) . Beta-alanine is recognized as an effective ergogenic aid by both the International Society of Sports Nutrition (Kerksick et al., 2018) and IOC (Maughan et al., 2018) , but its effects vary based on the physiological demands of the exercise task tested. For example, a metaanalysis published in 2012 (Hobson et al., 2012) found the most pronounced effects were observed in exercise tests lasting 1-4 minutes. As a proton buffer, the ergogenic effects of beta-alanine are most pronounced for tasks requiring rapid ATP production via anaerobic glycolysis, such as highintensity continuous or intermittent bouts lasting 30 seconds to 10 minutes (Maughan et al., 2018) . Based on the primary ergogenic mechanism, benefits could potentially be observed in programs with relatively high repetition ranges (Outlaw et al., 2016) or short rest periods between sets, although it remains unclear if beta-alanine promotes hypertrophy. One study found the combination of creatine and beta-alanine improved resistance training-induced hypertrophy significantly more than a placebo or creatine alone (Hoffman et al., 2006) , whereas betaalanine failed to enhance increases in lean body mass in response to resistance training in other research (Outlaw et al., 2016) . Nonetheless, it is possible that beta-alanine could be used to improve training adaptations by promoting greater training volume throughout the course of a resistance training program (Hoffman et al., 2008) .
Competition Preparation Length of Contest Preparation
Unfavorable physiological adaptations to weight loss in lean athletes are related both to absolute body fat levels and the magnitude of acute relative energy deficiency. By manipulating the length of contest preparation (and, therefore, the rate of weight loss), the size of the energy deficit can be modified to influence the degree of acute Journal of Human Kinetics -volume 71/2020 http://www.johk.pl relative energy deficiency. For example, Mero et al. (2010) investigated the effects of two different rates of weight loss in recreationally trained females on protein-matched (1.4 g/kg) diets. One group was assigned to lose 1 kg per week (with an energy deficit of 1100 kcal/day), while the other was assigned to lose 0.5 kg per week (with an energy deficit of 550 kcal/day). After the four-week intervention, the group with a faster rate of weight loss lost more weight and fat mass, but also experienced a significant reduction in testosterone and an increase in sex hormone binding globulin. Garthe and colleagues (2011) studied two rates of weight loss in elite male and female athletes. One group was assigned to lose 0.7% of their body mass per week (with a 19% reduction in energy intake), while the other group was assigned to lose 1.4% per week (with a 30% reduction in energy intake). In order to standardize the total amount of weight lost, the slow group spent longer duration of time in the weight loss phase than the fast group (8.5 versus 5.3 weeks, respectively). Both groups lost similar amounts of total body mass. However, the slow group lost significantly more fat mass than the fast group, and the slow group had a significant increase in lean mass while lean mass remained unchanged in the fast group. Regardless of group, females gained lean mass during the intervention; males in the slow group gained lean mass, whereas males in the fast group tended to lose lean mass. Furthermore, the slow weight loss group experienced more favorable changes in exercise performance.
In recent years, a number of case reports and small studies have documented contest preparation in male and female physique athletes. These studies have ranged from 14-32 weeks from the beginning of preparation to the first competition (Halliday et al., 2016; Kistler et al., 2014; Pardue et al., 2017; Robinson et al., 2015; Rohrig et al., 2017; Rossow et al., 2013; Tinsley et al., 2019) . The loss of fat-free mass is a common observation among male physique athletes; all of the previously mentioned male case reports documented some degree of fat-free mass loss, with some as high as 6.6 kg (Kistler et al., 2014) . Of the data available, duration of contest preparation does not appear to clearly dictate the degree of fatfree mass loss, as similar (and fairly substantial) losses have been reported in contest preparation periods as short as 14 weeks (Robinson et al., 2015) and up to 26 weeks (Kistler et al., 2014) . It is difficult to determine ideal contest preparation duration using case reports, as the loss of fat-free mass is inevitably influenced by several factors, which include (but are not limited to) differences in overall weight loss, dietary approaches, resistance training approaches, volume of cardiovascular exercise, and genetic variability between individuals. Nonetheless, Chappell and colleagues (2018) noted that male competitors receiving high contest placings tended to implement a rate of weight loss of 0.46% of body mass per week, which was slower than the nonplacers, who lost over 0.5% of body mass per week. In contrast, case reports documenting comparatively higher losses of fat-free mass implemented weight loss rates of 0.7% (Kistler et al., 2014 ) and 1.0% (Robinson et al., 2015) per week. As such, Chappell and colleagues (2018) speculate that slower weight loss may lead to more favorable placements by facilitating retention of fat-free mass. In female case reports, lean mass has remained stable (Halliday et al., 2016) or increased by up to 1.3 kg (Rohrig et al., 2017) over the course of preparation, with rates of weight loss generally ranging from 0.4 to 0.75% of body mass per week. A larger study (Hulmi et al., 2016 ) also found a slight increase in fat-free mass in female physique athletes (+0.4 kg, measured via DEXA) over the course of contest preparation, with average duration of 19.8 weeks. While research to date has not documented marked reductions in fat-free mass during contest preparation among females, unfavorable effects on performance, hormones, and menstrual status have been noted. Such unfavorable outcomes highlight the importance of carefully managing the magnitude of energy deficiency, but it is difficult to draw conclusions about ideal preparation duration due to homogenous approaches in the literature.
Taken together, the limited data indicate that rate of weight loss is more physiologically relevant than the duration of contest preparation per se, and slower rates of weight loss (≤0.5% of body mass per week) are generally preferable for attenuating unfavorable adaptations to weight loss and losses of fat-free mass. Retention of fat-free mass appears to be a more pressing concern in male competitors than female competitors, which may relate to greater overall reductions in body mass, more drastic changes in testosterone levels, © Editorial Committee of Journal of Human Kinetics lower absolute and relative body fat percentage requirements for the male bodybuilding category, competitors being more experienced and closer to their genetic ceiling for muscle mass, and possibly additional factors.
Diet Periodization
While the rate of weight loss during contest preparation is often discussed as a linear weekly reduction in weight, the energy deficit is often applied in a nonlinear manner. Previous research has shown that bodybuilders frequently implement refeeds (Mitchell et al., 2017a) and cheat meals , which both represent transient elevations in caloric intake for a fixed amount of time. In addition, many studies have investigated the implementation of diet breaks, in which individuals on a weight loss diet temporarily revert to ad libitum, self-selected eating habits (Keogh et al., 2014) or increase caloric intake to achieve neutral energy balance (Byrne et al., 2018) . Carbohydrate restriction has the potential to reduce training capacity (Walberg et al., 1988) , and intramuscular glycogen depletion has been shown to directly impair muscle function (Ortenblad et al., 2013) . As such, high carbohydrate refeeds and cheat meals (or cheat days) may confer transient positive effects on training quality during a prolonged energy deficit. Cheat meals/days, refeeds, and diet breaks fall on a spectrum of nonlinear fat loss strategies, as presented in Figure  1 . Such strategies also offer a psychological reprieve from the restrictive dietary constraints imposed during a weight loss diet, allowing the competitor to enjoy foods that may be too high in carbohydrate or caloric content to be regularly incorporated into the diet. However, given the prevalence of binge eating episodes among physique athletes discussed in subsequent sections, the practice of unstructured cheat meals or cheat days may be contraindicated in many circumstances. Aside from psychological factors, arguably the most intriguing application of nonlinear fat loss strategies for physique athletes pertains to the potential to mitigate some of the unfavorable physiological adaptations that accompany weight loss.
The physiological adaptations associated with contest preparation are related to both fat mass reduction and short-term energy availability. While fat mass reduction is a necessary goal of contest preparation, energy availability can be transiently manipulated. Leptin is reduced after only days of energy restriction (Keim et al., 1998) , long before significant fat loss has occurred. This initial drop relates to short-term energy availability, and is particularly influenced by carbohydrate restriction (Jenkins et al., 1997) . Similarly, three days of overfeeding with high carbohydrate intake increased leptin by 28% and 24-hour energy expenditure by 7%, whereas a similar magnitude of overfeeding on a high fat diet did not (Dirlewanger et al., 2000) . However, this may not be practical for physique athletes, as the 40% energy surplus required to elicit the response may cause substantial fat accretion that would be only minimally offset by the 7% increase in energy expenditure. This incomplete compensation for high energy intake has also been observed directly in physique athletes ; resting energy expenditure (REE) acutely increased in the period immediately following competition, but the increase was small compared to the substantial increase in caloric intake. While these results suggest that implementing periods of neutral or positive energy expenditure may help mitigate unfavorable changes in hormone concentrations and energy expenditure during weight loss, such strategies must implement a conservative magnitude and duration of refeeding that does not oppose the overall progression of fat loss. It is also currently unknown how short of a period of maintenance calories would be needed to affect the metabolic rate.
A recent study (Byrne et al., 2018 ) investigated the effects of two-week diet breaks on weight loss and energy expenditure. One group followed a continuous weight loss program for 16 weeks, whereas the other group alternated between two weeks of an energy deficit and two weeks of energy balance. Both groups spent equal total weeks in an energy deficit of the same size. Results indicated that the group implementing intermittent diet breaks lost more fat mass and total weight and experienced a smaller reduction in REE after correcting for body composition. Overall, the strategy of implementing two-week periods of energy balance partially attenuated the anticipated drop in the metabolic rate, without requiring periods of positive energy balance. However, the overall weight loss process took approximately twice as long, which may be viewed as a prohibitively inconvenient trade-off by some Journal of Human Kinetics -volume 71/2020 http://www.johk.pl competitors.
In an effort to minimize the inefficiency of nonlinear approaches, other studies have implemented diet breaks of shorter duration. In one instance, an 8-week study (Keogh et al., 2014) evaluated one-week diet breaks implemented every other week. The continuous energy restriction group followed a 5500-kilojoule energy restriction each week of the study, whereas the intermittent group alternated between one week of 5500-kilojoule energy restriction and one week of their usual diet. Weight loss observed in the group with diet breaks was not significantly different than the comparator group on a continuous weight loss diet, despite the differing magnitude of energy restriction. A different study (Davoodi et al., 2014) implemented a protocol in which energy was restricted for 11 days, followed by a 3-day diet break. This two-week cycle was repeated three times, for six total weeks. The comparator group, in contrast, implemented continuous energy restriction for the entire six-week period. Results showed that intermittent energy restriction with 3-day diet breaks allowed for a similar degree of weight and fat loss, and attenuated reductions in the resting metabolic rate, despite higher average caloric intake throughout the intervention.
The limited data available suggest implementation of nonlinear or intermittent energy restriction strategies, such as diet breaks and refeeds, may partially attenuate some of the unfavorable physiological adaptations to energy restriction, thereby imparting favorable effects on weight loss outcomes. However, these strategies extend the timeline of the weight reduction process. As such, the ideal magnitude, duration, and timing of short-term caloric increases are not currently known. Theoretically, the most efficient strategy would effectively increase caloric intake in a sufficient magnitude and duration to offset physiological adaptations to weight loss, while minimizing the risk of fat accretion and the amount of overall time spent dieting. For a more extensive discussion of nonlinear weight loss strategies, readers are directed to the recent review by Peos and colleagues (2019) .
Peak Week
The final week prior to competition is commonly referred to as "peak week". The overall goal of the peak week is to make muscles appear larger and more detailed by filling glycogen stores while minimizing subcutaneous water. A recent study on peaking practices in bodybuilders found that 94 percent of competitors alter their nutritional approach during the peak week . Historically, this included approaches such as potassium loading, sodium restriction and water restriction (Kleiner et al., 1990; Shephard, 1994; Steen, 1991) , while more recent studies have observed a decline in practices such as sodium and water restriction, these approaches are still used by a significant number of competitors . However, some or all of these approaches may be misguided in natural competitors, as there are at least theoretical roles for sodium, water and carbohydrate to enhance onstage appearance.
Carbohydrates
One of the primary goals during the peak week is to enhance muscular fullness. Each gram of glycogen can result in a minimum of 3-4 grams of stored water within muscle in a dehydrated state and up to 17 grams when carbohydrate loading is coupled with adequate hydration (Fernandez-Elias et al., 2015; Olsson and Saltin, 1970) . Practically, increasing carbohydrate consumption leading up to a competition should enhance the appearance of a physique. For example, one study observed an increase in bicep muscle thickness the day of the competition when competitors were loading carbohydrates (Bamman et al., 1993) . Competitors likely do not gain muscle mass late in contest preparation (Kistler et al., 2014; Rossow et al., 2013) ; therefore, it is assumed this increase in muscle thickness was due to carbohydrate loading.
A recent study of competitors found 83% did some form of carbohydrate loading during the final week prior to competition . In practice, the pattern in which carbohydrates are loaded differs between competitors. Some competitors front load (place their highest carbohydrate days early in the week) while others back load (place their highest carbohydrate days later in the week) (Figure 2) . Moreover, there is evidence that after 3 days of glycogen depletion, a large carbohydrate load can cause glycogen supercompensation where as much as 1.79 times initial glycogen can be stored in muscle (Goforth et al., 1997) . This may result in an even more full and extreme look onstage; therefore, this approach could be used by competitors in divisions that require a more © Editorial Committee of Journal of Human Kinetics extreme look such as bodybuilding. However, competitors in all divisions may benefit from some form of carbohydrate loading unless they are not lean enough, then they may want to either pick a later competition or continue to lose body fat throughout the final week rather than increasing carbohydrates.
Water
Body water is stored in compartments. Approximately 2/3 of body water is intracellular whereas 1/3 is extracellular. Of the extracellular compartment, 20% is plasma and the other 80% is interstitial fluid. A common goal for physique athletes in the peak week is to minimize interstitial fluid. Oftentimes this is done through reducing water intake (Kleiner et al., 1990; Shephard et al., 1994; Steen et al., 1991) ; however, this can reduce muscle water content, resulting in a decrease in muscle size (Costill et al., 1976) . Decreasing water intake also reduces blood volume and blood pressure which can make it more difficult for a competitor to increase blood flow to the desired muscles prior to stepping onstage (during the "pumping up" process), which could result in suboptimal appearance to judges. Anecdotally, some competitors think water is the cause of visual smoothing on show-day, yet in practice it is our collective anecdotal opinion that smoothness is typically the result of excess body fat or loading too many carbohydrates either in total, or too quickly. A 70 kg male can store approximately 500 g glycogen (roughly 100 g in liver and 400 g in muscle) (Wasserman, 2009) . During the transitional period while carbohydrates are being metabolized, and once glycogen stores are full, glucose can accumulate outside of the cell pulling water into the extracellular space. Therefore, it is important that competitors load an appropriate number of carbohydrates over an appropriate timeframe to fill muscle glycogen stores while also consuming ample water.
Sodium
Sodium is the primary extracellular solute. Since water follows solutes, some competitors eliminate sodium in an attempt to reduce extracellular water . However, plasma sodium is tightly regulated in the kidneys. For example, sodium excretion is significantly reduced when switching to an extremely low sodium diet (Rogacz et al., 1990) . Therefore, removing sodium from the diet will not have a significant impact on extracellular fluid removal. Sodium elimination may negatively impact a competitor's look onstage since glucose is transported through a sodium-coupled transporter (Schultz and Curran, 1970) , which could influence glycogen storage. Sodium also impacts blood pressure which may affect a competitor's ability to get a pump and subsequently affect transient muscle size and vascularity onstage (Stachenfeld, 2008) . Due to sodium's effects on blood pressure it may be advisable to increase sodium on the day of competition, prior to stepping onstage to increase muscle pump and vascularity in appropriate divisions.
Practical Recommendations
Direct scientific research comparing peaking approaches in physique athletes is lacking. Therefore, we are hesitant to give recommendations on peaking strategies. Based on the current evidence, there is potential harm in reducing sodium, water, or carbohydrates, and almost all competitors manipulate these variables in the peak week. We therefore recommend not reducing any of these three nutritional variables. Carbohydrate loading can be a viable option if the athlete is lean enough, but no comparisons between front-or back-loading exist to determine which is superior and in practice, this may differ between individuals. Ultimately, we recommend testing peak week strategies, if an athlete has sufficient time, before their competition.
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Figure 1
The spectrum of nonlinear fat loss strategies. 
Post-Competition Recovery
While the physiological adaptations associated with contest preparation can be quite unfavorable, they are transient. Reversing adaptations involves both correcting the shortterm energy gap by transitioning from negative to positive energy balance, and restoring fat mass and fat-free mass lost during contest preparation. As for short-term energy balance, it is common for physique athletes to acutely, but abruptly increase caloric intake immediately following competition (Mitchell et al., 2017a; Trexler et al., 2017) . Merely transitioning from negative to positive energy balance is likely to have favorable effects on partial restoration of the metabolic rate and hormones that are sensitive to short-term fluctuations in energy availability, such as leptin, ghrelin, and insulin (Borer et al., 2009 ). However, full recovery of hormones and full reversal of adaptive energy expenditure suppression are likely to require some degree of fat mass and fatfree mass restoration.
At the end of a contest preparation diet, the physique athlete is physiologically primed for weight regain. As reviewed by MacLean and colleagues (2011), such a physiological state is characterized by reduced energy expenditure and elevated hunger. Due to the cyclical nature of Journal of Human Kinetics -volume 71/2020 http://www.johk.pl weight gain and weight reduction associated with bodybuilding (Mitchell et al., 2017a) , competitors rarely attempt to maintain contest-level body fat percentages for an extended period of time. Significant weight regain is typically observed within days of competition , and binge eating episodes are common within this time period (Andersen et al., 1995) . As such, studies have documented cases in which both male and female participants have regained up to 8 kg in the first 3-4 weeks following competition (Lamar-Hildebrand et al., 1989; Mitchell et al., 2017a) . However, there are potential drawbacks to approaches that favor rapid weight regain. Rodent data suggest that overfeeding after sustained weight loss is accompanied by suppressed oxidation of dietary fat and adipocyte hyperplasia (Jackman et al., 2008) . As noted in a review by Peos and colleagues (2019) , the addition of new adipocytes results in a greater total capacity for fat storage, and yields smaller adipocytes that secrete less leptin and are more prone to energy storage. This propensity for adipocyte hyperplasia may therefore increase the likelihood of regaining more weight than was lost, which is known as body fat overshooting (Saarni et al., 2006) . In line with this hypothesis, there is evidence to suggest that athletes with repeated cycles of weight loss and regain tend to have a higher body mass index later in life (Saarni et al., 2006) , and it is quite common for humans to overshoot (Saarni et al., 2006) . Furthermore, research in the general population suggests that the early phase of weight regain is characterized by preferential gain of fat mass (Saarni et al., 2006) , and research in competitive physique athletes has documented similar results . The time course of weight restoration varies significantly in the literature. In some cases, physique athletes return to their baseline weight within nine weeks post-competition (Tinsley et al., 2019) , whereas others remain slightly below their baseline weight a full six months after competition (Rossow et al., 2013) . Provided competitors maintain positive energy balance after competition and restore a large portion of the body mass lost, blood levels of ghrelin, thyroid hormones (T3 and T4), insulin, and cortisol generally approach baseline levels within 3-4 months following competition (Hulmi et al., 2016; Pardue et al., 2017; Rossow et al., 2013) . In the case of leptin (a body fat signal) (Rossow et al., 2013) and testosterone (Pardue et al., 2017; Rossow et al., 2013) , levels may not fully recover until 5-6 months postcompetition, but are generally trending to precompetition levels within this timeframe. When it comes to restoration of the menstrual cycle in female competitors that develop amenorrhea, an even longer recovery timeline may be required. The development of menstrual cycle irregularity (or complete cessation) is quite common in female competitors (Hulmi et al., 2016) , particularly in competitive classes that require a greater degree of leanness. Unfortunately, efforts to reverse menstrual cycle irregularities often result in prolonged and highly variable recovery timelines.
It seems prudent to advocate that physique athletes implement a rate of weight regain after competition that facilitates full recovery, but avoids deposition of excessive fat mass in the early phase of weight regain. Within the first 1-2 months following competition, the athlete should aim to reach a sustainable and comfortable body weight; after this immediate phase of controlled weight restoration, they would then aim to restore their body fat percentage to their ideal off-season level and fully restore fat-free mass in a fairly linear manner over the subsequent 1-2 months, depending on the magnitude of weight that was lost. In this context, ideal off-season body composition refers to a sustainable body fat percentage that is conducive to normal endocrine status, facilitates lean mass accretion, mitigates the need for excessive weight loss for subsequent competitions, and resolves the hyperphagia experienced following competition. For individuals prone to excessively rapid weight regain, strategies to successfully manage controlled refeeding are likely similar to the strategies that facilitate successful weight loss maintenance. Such strategies include favoring high protein and high fiber intake, regular selfmonitoring of body weight and caloric intake, reducing time spent in sedentary activities, maintaining a similar diet structure with low energy-density foods while avoiding highly palatable foods that could trigger overeating, and maintaining high levels of structured exercise; in essence, such competitors' post-competition recovery diets would be qualitatively similar to their competition diets in composition and schedule, but higher in total calories and © Editorial Committee of Journal of Human Kinetics macronutrients (Melby et al., 2017) .
Ultimately, complete recovery of physiological parameters is typically observed 4-6 months following competition, provided the physique athlete maintains positive energy balance and regains a significant portion of the weight lost during the preparation period. It seems likely the timeline of recovery would be accelerated by consumption of a larger energy surplus and a more rapid weight regain.
Physiological Adaptations
There are several physiological adaptations that occur during contest preparation and recovery. In this section we will cover body composition, menstrual cycle, daily activity and sleep.
Body Composition
Nearly all studies of male competitors observe a reduction in lean mass, while lean mass loss reported in female competitors is typically lower during contest preparation. For example, some studies of female competitors have observed either little lean mass loss during preparation (Halliday et al., 2016; Hulmi et al., 2016) or even a slight increase (Petrizzo et al., 2017; Rohrig et al., 2017) . The reason for this difference between sexes is unknown; however, it may be due to baseline testosterone levels being higher in males, making them more responsive to the large decline in testosterone that typically occurs during contest preparation. Lean mass differences could also be due to the level of conditioning required in bodybuilders versus other physique classes. We cover physiological adaptations more fully in previous sections.
Menstrual Cycle
It was previously thought that reproductive function in women was regulated by body fat levels; however, there is increasing evidence that energy availability is the primary driver of reproductive function (Loucks, 2003) . Energy availability is the difference between total energy intake and exercise energy expenditure relative to fat free mass. This difference is the energy available for physiological and metabolic processes like creating hormones and building bone (Fagerberg, 2018) .
To prevent menstrual cycle abnormalities, female athletes are encouraged to consume at least 30 kcal/kg lean mass daily. Energy intake below this amount may result in several hormone-related changes, including disruption of luteinizing hormone pulsatility. This can result in amenorrhea, a reduction in bone density and increased fracture risk (Loucks et al., 2011 ). Yet, to reach competitive levels of body fat onstage, many female competitors may need to consume fewer than 30 kcal/kg lean mass at least at some stage during contest preparation. As a result, menstrual cycle abnormalities are widely reported in female competitors (Elliot et al., 1987; Haff et al., 2001; Hulmi et al., 2016; Kleiner et al., 1994; WalbergRankin et al., 1993) , which can persist into the postcompetition period. For example, in a cohort of female competitors, 63% reported menstrual cycle abnormalities during contest preparation; however, 28% still reported abnormalities after a post-competition recovery period (mean length 17.5 weeks) (Hulmi et al., 2016) . Moreover, a drugfree female figure competitor who reached 23.2 kcal/kg fat free mass daily during contest preparation did not have a normal menstrual cycle for 71 weeks following competition despite increasing caloric intake to >30 kcal/kg lean mass (Halliday et al., 2016) .
Taken together, these findings highlight the importance of taking an offseason between competitions, especially for female competitors. During the offseason, caloric intake should be increased to at least >30 kcal/kg lean mass daily. Offseason duration should be long enough so that a female competitor regains their monthly cycle and has a normal cycle most of the offseason. Daily Activity / Non-Exercise Activity Thermogenesis (NEAT) Total daily energy expenditure (TDEE) is the sum of the basal metabolic rate, the thermic effect of food, exercise activity thermogenesis and non-exercise activity thermogenesis (NEAT). NEAT encompasses all non-exercise movement such as occupation-related activity, leisure-time activity and involuntary activities like postural control, twitching and fidgeting. Energy expended from NEAT can vary up to 2,000 calories per day between individuals of similar size (Levine, 2007) . Moreover, caloric expenditure from fidgeting can range from 100-800 calories daily (Ravussin et al., 1986) . Due to this large variability, NEAT can play a significant role in energy balance.
Importantly, NEAT may decline while dieting (Peos et al., 2019) . In a cross-sectional study, obese participants who lost an average of Journal of Human Kinetics -volume 71/2020 http://www.johk.pl 23% of their body weight had an 18% lower TDEE than individuals who had never dieted. Moreover, 71% of this difference was due to reductions in NEAT in response to dieting (Weigle et al., 1988) .
In an interventional study, a 10% reduction in body weight resulted in an average reduction in NEAT of 262 calories/day, whereas a 20% reduction in body weight reduced NEAT by 500 calories/day on average in obese subjects. Therefore, the amount of weight lost during a diet may impact the magnitude of NEAT reduction (Leibel et al., 1995) . To date, there is not direct research on changes in NEAT in physique athletes. However, it is likely that competitors could experience a significant reduction (Rossow et al., 2013) . From a practical standpoint, tracking daily steps may help counteract reductions in NEAT during contest preparation. In fact, a meta-analysis on pedometer use and activity found individuals who track steps using a pedometer increase their step counts (Bravata et al., 2007) . However, we caution against competitors pushing to extremes in daily activity because there is evidence that TDEE may not increase further at high levels of activity due to reductions in involuntary movement (Pontzer et al., 2016) .
Sleep
It is recommended adults sleep 7-9 hours per night and achieve a sleep efficiency of 85% (time asleep in bed) to promote general health (Hirshkowitz et al., 2015; Ohayon et al., 2017) . Interestingly, athletes tend to sleep less (~6.5 h/night) and their sleep quality is lower (Hausswirth et al., 2014; Leeder et al., 2012) . While sleep deprivation has a minimal effect on acute strength performance (Fullagar et al., 2015) ; it plays a role in decision making and mood, which could directly affect a physique athlete. There is also evidence that lack of sleep could compromise body fat loss or elevate LBM loss (Nedeltcheva et al., 2010) . Anecdotally, some physique athletes tend to have sleep issues, but there is only one study measuring sleep in a bodybuilder (Pardue et al., 2017) . During a 13-month period including contest preparation and recovery, sleep efficiency was reduced by a maximum of 3.6%. Oddly, sleep duration increased 20% and sleep efficiency increased 8.9% in the contest preparation phase, likely because the subject started the study sleeping only ~6 hours per night (Pardue et al., 2017) . There was also a trend for subjective sleep quality to decrease in month 4 of contest preparation. Overall, more data are needed with subjective and objective indices before definitive statements regarding the effect of contest preparation on sleep quality or quantity can be made.
Our recommendation for physique athletes is similar to that of other athletes: sleep in a dark environment with a comfortable temperature (use earplugs or eye masks if necessary), restrict mental, emotionally or physically demanding activities prior to bed, and use dim light for ~2 hours before bedtime (Bonnar et al., 2018) . Physique athletes should aim for 8-9 hours of sleep per night. There also appears to be large inter-individual response to the effects of reduced sleep, therefore larger studies are needed, especially in physique athletes (McNeil and StOnge, 2017) .
Psychosocial Aspects of Competitive Physique Sport
Because physique competitors are judged based on aesthetics rather than performance and the necessity of lowering body fat to essential levels, the risks of psychosocial distress (Andersen et al., 1995) , and developing eating and body image disorders (Mitchell et al., 2017c) requires consideration. Given the cross-sectional nature of most research in this area, and the multifaceted relationship between numerous factors with eating behavior, the underlying causes of distress are not fully understood. Psychological distress is likely driven by three factors: 1) physiological adaptations to extreme dieting having biopsychosocial effects (Kalm and Semba, 2005) , 2) a disproportionate number of individuals with a history of (or risk of developing) psychopathology participating in competition (Mitchell et al., 2017b) , and 3) monitoring behaviors secondary to achieving successful body composition changes such as regular self-weighing (Pacanowski et al., 2015) , nutrition tracking (Levinson et al., 2017) , and physique checking (Shafran et al., 2004) . Each factor may contribute to higher incidences of distress and body and eating disorders than is observed in other weight training populations (Goldfield, 2009; Goldfield et al., 2006; Mangweth et al., 2001; Mitchell et al., 2017b; Walberg and Johnston, 1991) . Thus, each factor is reviewed, and tentative best-practice guidelines are provided when possible.
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Psychological Distress Among Physique Athletes
While some psychological benefits such as the perceived ability to take on new challenges (Asridis et al., 2014) occur during contest preparation, negative effects manifest as well. In one male natural bodybuilding case study, mood disturbance initially decreased. However, onemonth prior to competition, mood disturbance increased three-fold, then increased seven-fold relative to baseline immediately prior to competition, only returning to normal six months post-season (Rossow et al., 2013) . In part, psychological effects of contest preparation are biologically driven. For example, early research found that severe, prolonged, energy restriction increased irritability, introversion, enthusiasm and motivation (Kalm and Semba, 2005) .
These effects are partly physiologically mediated; subsequent work exposing healthy men to energy deprivation caused disturbed sleep, fatigue, and urges to consume sweet and savory food (Nindl et al., 1997) . Among competitors, compensatory coping behaviors can manifest to control cravings, such as avoidance of social situations (Asridis et al., 2014) . Hulmi and colleagues (2016) reported similar physiological signs in female competitors, as a 3 to 4 month postcompetition period was required for most (but not all) hormone markers to return to baseline. In some phases, such as post-competition weight regain, females may experience greater stress as they share parallel physiological responses with men, but may have higher tendencies to dislike their offseason physique possibly mediated by societal pressure (Asridis et al., 2014; Murray et al., 2016) .
Indeed, contest preparation drives some psychological effects, but others linger months after competing. Andersen and colleagues (1995) reported 81.5% of male bodybuilders were preoccupied with food, 46% engaged in binge eating, and 30-50% were angrier or more anxious post-competition. Post-competition binge-eating is likely a normal hyperphagic response, whereby an extreme desire for food occurs after substantial weight loss (Dulloo et al., 1997; Weyer et al., 2000) , with associated distress likely caused by weight regain conflicting with physique goals.
Non-biological factors also influence disordered eating. Symptoms of depression and negative affect can contribute to binge eating, as suggested by Goldfield and colleagues (2006) , who found competitive bodybuilders binge eat more than recreational bodybuilders, despite both reporting similar levels of dietary restraint (Goldfield et al., 2006) . This suggests a higher percentage of competitors have attitudes or traits that expose them to greater psychological consequences during contest preparation. Indeed, five of the 16 male physique division competitors in a recent study reported a prior eating or body image disorder (Lenzi et al., 2019) , and in a 1991 study 42% of female competitors used to be anorexic, 67% were terrified of becoming fat and 50% experienced uncontrollable urges to eat (Walberg and Johnston, 1991) . Some researchers argue binge eating and other behaviors are exacerbated among bodybuilders who judge their self-worth largely on their ability to control their weight and shape (Goldfield, 2009) . Since the 1990's, authors reported higher incidences of disordered eating behaviors, body image concerns, and full eating disorders in competitors of both sexes when compared to non-competitive weightlifters (Goldfield 2009; Goldfield et al., 2006; Mangweth et al., 2001; Mitchell et al., 2017b; Walberg and Johnston, 1991) . Recently, Mitchell and colleagues (2017b) reported higher body image concerns in competitors compared to resistance training non-competitors in a metaanalysis, with symptoms associated with general anxiety, social physique anxiety, depression, neuroticism, perfectionism and inversely associated with self-concept and esteem.
Finally, one's dietary restraint disposition can impact psychology. Dietary restraint is subdivided into two types: rigid and flexible control (Westenhoefer et al., 1999) . Rigid control is characterized by eating only diet foods, avoiding desired foods, fasting, highly disciplined calorie counting and avoiding "off limit" foods. While flexible control shares the aspect of restraint, it is marked by eating a variety of foods, modifying portions, and adjusting eating if earlier meals contained higher calorie items, and is generally considered more adaptive and sustainable (Westenhoefer et al., 2013) . Rigid behaviors like fasting prospectively predict (Agras and Telch, 1998) , and in cross-sectional research are linked, with binge eating among women with bulimia and binge eating disorder (Masheb et al., 2011) . In weight loss cohorts, there are links between rigid restraint and binge eating, shape/weight Journal of Human Kinetics -volume 71/2020 http://www.johk.pl overvaluation, body dissatisfaction, disinhibited eating, dichotomous thinking, depressive and anxiety symptoms, and poorer wellbeing (Linardon, 2018; Linardon and Mitchell, 2017; Smith et al., 1999; Timko and Perone, 2005; Tylka et al., 2015; Westenhoefer et al., 1999) . In contrast, flexible restraint is linked with lowered disordered eating, body image concerns, body weight, and psychological distress (Shearin et al., 1994; Smith et al., 1999; Westenhoefer et al., 1999 Westenhoefer et al., , 2013 and increases in flexible control are associated with binge eating abstinence, greater weight loss in the course of therapy (Blomquist and Grilo 2011) , and in one study, predicted long-term weight maintenance among women with obesity (Teixeira et al., 2010) . While flexible restraint may be more adaptive, adverse outcomes are occasionally associated with it (Linardon and Mitchell, 2017; Timko and Perone, 2005; Tylka et al., 2015) . This may stem from overlapping behaviors among categories of restraint, as surprisingly, flexible control is highly correlated with rigid control (r's > .50). This calls into question how separate these components are, suggesting promoting flexible control could unintentionally prompt rigid practices (Timko and Perone, 2005; Westenhoefer et al., 2013) . Indeed, flexible restraint is associated with positive outcomes only when its shared variance with rigid restraint is removed (Linardon and Mitchell, 2017; Tylka et al., 2015) . However, it is unclear how to distinctly prescribe flexible rather than rigid control to avoid potential harm (Tylka et al., 2015) . That said, a key factor may be black and white views of eating, which mediate the association between restrained eating and weight regain (Palascha et al., 2015) ; as viewing foods in non-dichotomous terms is a shared aspect of intuitive eating, which has no restraint component at all (Tylka and Kroon Van Diest, 2013) , and flexible control (Westenhoefer et al., 1999) .
Physique and dietary monitoring practices likely follow one's restraint disposition, and thus carry potential to increase risks. Some authors speculate self-monitoring in all cases can exacerbate eating disorder symptoms (Simpson and Mazzeo, 2017) . Authors of several crosssectional studies report associations between selfmonitoring and binge eating, eating concerns, and shape/weight overvaluation in those with and without clinically significant eating disorders Mountford et al., 2006; Shafran et al., 2007; Simpson and Mazzeo 2017) . Furthermore, causal links between shape checking and body dissatisfaction exist in some (Shafran et al., 2007) , but not all (Bailey and Waller, 2017) experimental work. However, authors of two recent weight loss studies reported no significant differences in eating and body image disorder symptoms between those implementing self-monitoring or those not (Jospe et al., 2018; Steinberg et al., 2014) . To explain this discrepancy, it may be these monitoring behaviors are detrimental only when performed rigidly (Fairburn, 2008) , or by individuals likely to implement them rigidly, such as those with clinical or subclinical eating disorders.
Mitigating Harm
Given the increased likelihood of competitors already or previously having, or possibly carrying a predisposition towards eating and body image distress, and the obligatory exposure to both the biological drive towards hyperphagia and some of the behaviors which can exacerbate disordered eating, we echo the recommendations of the recently published narrative review specifically on this topic by Helms and colleagues (2019) . Table 1 below is reprinted here with permission which outlines recommendations in each "season" of competitive bodybuilding . To summarize: in the preparation phase, slow to moderate weight loss rates rather than rapid, which are associated with eating and body image disorder symptoms (Mitchell et al., 2017b) , should be implemented; non black-and-white views of foods and adherence should be emphasized (Palascha et al., 2015) ; and rather than high frequency physique checking, scheduled and coach-supervised physique assessment should occur as are performed in clinical eating disorder practice (Fairburn, 2008) . In the transition from preparation into the offseason, a tapered but intentional caloric surplus should be implemented with the goal of steady, but controlled weight regain, and the re-introduction of internal rather than externally-cued nutrition regulation should occur to facilitate a gradual return to nonrestrained eating (e.g. hunger and satiety mediated portion control rather than food weighing and calorie tracking).
Finally, similar to the standard personal © Editorial Committee of Journal of Human Kinetics training practice of screening physical health (Craig and Eickhoff-Shemek, 2015) , coaches should enlist the aid of nutrition and mental health care professionals (psychologists, therapists, registered dietitians) to screen the mental health of athletes prior to beginning contest preparation to ensure they are fully informed of risks, and have the appropriate mental health care professionals available to them.
Conclusion
In conclusion, there are a myriad of factors to consider for physique athletes in contest preparation periods as well as the postcompetition period transitioning into the offseason. Having a structured plan based on the factors within this article is recommended, but additional study of physique athletes is needed to provide more specific guidelines.
